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(54) ACTUATOR AND MANUFACTURING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an actuator 
which can perform an expansion/contraction operation 
at comparatively fast response speed with good 
controllability by electric stimulus, can obtain 
displacement that is sufficiently larger than a piezo 
element, can perform the expansion/contraction 
operation in a specified direction, does not need a 
solution supply system and has the characteristic of 
good balance. 

SOLUTION: A KTiNbOS thin film being an interlayer 
compound is formed on a (001) conductive SrTi03 
substrate 1, ions are exchanged and a HTiNb05 thin film 
is formed. Trimethyl stearyl ammonium ions (TMSA) are 
intercalation with respect to the HTiNbOS and therefore 
a (TMSA) TN thin film 2 is formed. An upper electrode 3 
is formed on the (TMSA) TN thin film 2 and a lower 
electrode 4 is formed at the back of the SrTi03 
substrate 1 so as to constitute the thin film actuator. 
Thus, the expansion/contraction operation is performed 

by applying voltage between the upper electrode 3 and the lower electrode 4. 
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i Jk-e i / 1 o o o fss© a g ' fcjfeto-f-ftif 9 5 
10 (OX-hZAK Ag C 1 ©ttlRKJ:!»iFff«ll^¥iP* 
#$PffiiJle-fia,6©T\ rfti.Qli^-^fcKlAg, 0£ 

sani- a. AftWKiii, phsj£©*6*, m 

0 1 Vc.X-2/l 0 OSS© (1/2) Ag 2 0©^PT' 
£>S^t%x.ib4x5o ^©TMS AOH7>C 

S?S©pH(4^io. 3-c&5 0 rroi^iatpHi 

«£tTo/iTMS AOHTkMft', HTNf!6^1 
filer 1 2f$P B W3SLT^#>2ak£m\ (TMS 
A) TN«|2t»rtt5. rroijCLTHTNfg 

6lz.ttLX-0*-lii'-->3y&fto-k\ci: 9%% 
20 ^-5 (TMSA) TN»^2©ffS{4, SP^©^^ J; 
•9HTNiSH6©J?£©**]4{g (~4/tm) (C/jToT^ 

[0 0 2 6] i^lC, (TMSA) TNfR2tMLfc 
t*H?r*-7 ! ytt8 0'Ct?6 0^T=-yu-i"5 0 d 
©«, (TMSA) TN»R2±CWAtfAuSrHffl3H 
»LT±W«tt3SrJgj*-t-5ti:'b, tlttSrTiO 
3 S« 1 © JElcfi)^(i*p t ? y 

[0 0 2 7] ^(C, r©»KT^^^.^-^©ff<ffilS* 

ffl^Tfifofc. Ifflffl^fifir LTI4> (TMSA) TN 
WW: 2±(Cj?$*t)5 0 0 nmf2mmX 3mmOlt» 
AuR*r»*LT±»Wi3iU (0 0 1) S 

1 S«7©— iffi±|CP t Sr^Jxili/f^^ lOOnml 
»LTP tT»««8*r»fiJlU JE^rroP t TlH5*ffi 
8 t jgmtt SrTiO, S« 1 ©»B i £ I n & 9 

I n^M*i9^1l l©TlFI5ttfii4(c:t@ii-5o 4*5, I 

40 8f^ffoTtfiV\ 

[0 0 2 8] w©i5CLT»?>iXfcfftffflWsHi:3»gt 
X^Isltn; (XRD) ^BClgifU ±S|5«^ 3 S.^P t 
Tg|5*S8[l^tl€tl7°n-7"l 0, ll££T3^i: 

fc„ (TMSA) TNS|§l2^©®Ffllll4, «*ttS r 
TiO, SSl© (0 0 2) t°-^©?Sg^ft^:ic^5 
£?^%htLX$;ftitz'&, e /2 e -x*^y%m\ 

[0 0 2 9] (TMSA) TNfl2 0ffi)cE 

50 t (as-made) ©P^Sh (TMSA) TNfg2«Mt 
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fc*ST?6 0l*m«#LfcW6h (TMSA) TN|| 

2 <Dje&&\z 8 o °c-e 6 o mm# Ltz&m, ru, 

(TMSA) TN»«2»^afcSfit?4 BlW««f 

0 8 J: 9 x MWfc 
CO (TMSA) TNifgt 2roctfifili6 3. 5 1 Affc 

ri>5 0 — 8 0°CT'0O6 0B#WOT = -/HcJ: 9 cffi 
ft(47 2. 9 5Agl:tS^LTP5. 4 B ffltO^ 

(TMSA) TN^2WlWjtt±^^cx^5 0 
fcflSfco^Ttt, ±§|5«g3^JFM-r5fcJ6CAu^* 

So 

[0 0 3 0] 0 9 Id, ilttSrTiOa SSKCftL 
-20 VC0«EE£EpiP Lfc^-g-(DX^|H]yf^-<^ h/KO 
^fk£*1-„ 0 9 <t 9 , - 2 0 VO«IIP(]JD^I4SlIPP 
APSu (0 V) (CJt^T (0 0 2) f-^, (0 0 4) f 
-?HI6^v'7HtioO, (TMSA) TNil2 
;)SJf HUffifirLTl^Sd. i##a»5„ (0 0 4) t'—?<D 
fitt^P) (TMSA) TNS»Bg2<D^|i#J7. 2 % i 

[0 0 3 1 ] 0 1 0(d. - 1 8 V~+ 1 8 V60mil^» 
9iILEpjPLfci§-£cD (0 0 4) @#rro*i!]£^-f „ t$> 
o<9£#J±U £fc**Y>(dkB#ffl£g-f SWT\ 
-»£fctt#8£©l*mfcBLT^.5 0 +5V-+10 
V»PpiP«JET-|4, SWI#^ftitt-f 3ffl|6)#i&«>P>;h, 
5>!>\ + 1 5 va«-e#*lCteCTV^ D Z.©«|6jf4EP 

artt£E©«F#fctte>fci\, 

[0 0 3 2] 01O£ (TMSA) TN»^2Wc*Sfl: 

toffii iT'fe5 0 Hi l^b^SJ;?!;, fc*r 

[0 0 3 3] 01 2tr01 O*3it>*01 l<r>mfe\zR^ 
fc*W»*»c (I) -«BE (V) Wtt**i". IWtt* 

^m^mm^^Lxn 9 , 1 8 v^^p-en^ 3 0 tn 

ACD£&fl;jj?D (t*T*~5 0 0mWH3) 7)^tl5o * 

[0034] ±mmmun<n&i%mi^^"T 

ii-<S 0 rfttt#3fe<0«ffi^Tt&f£$*5£^5£B 
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[0 0 3 5] 0 1 3C1, -f U— S/g yWL%<DU 

&(Om&%'<y j—9 t Lfc#?fiB#<7)X^|5]#T0)f^* 
to ffl^WWliSk^SS-CifeS. 0 1 3 J; 9 , ^8 0°C 

t- (002) f-^iOfiAHtiffcftEijf^fti:, 1 

0 0 , Ca*-CttttHf^K: r ©*f LV^tSE<fc LTV 3 

riiaot, r©*«6«««^-r*fe5 (tmsa) 

TN»^2^tite#Lfct#x.e ) n5o Bl4t, 

10 <om^m^<Dx^.mtff mm ^m-to bujio, >p 
tmmmzftoiiK 7 5°cw&x*mftm\c®m^sy h 

[0 0 3 6] 01 sfcrwKW&mWfflLfciifroxitl 
HJ#r0^£*-f , 0 1 5 «fc 9 , ^Sli-^^tSrao 7 5 °C 

ft&®U-fZk (016) . 6 7°CnliikX°m%i'7 h 

20 l, mM.xmz&-&B<D&uffi<nmfflm\cm^x\,^ 

So 

[0 0 3 7] £Jl±©IS*SrttBH-*i:»fctO*«BI 1 7 
Tffc*. 017i.9> -«7=-^LfctW-eH:||9« 

[0038] rc. z<D-mmmAc±%T??-i.^- 
* k<Ditmi\c^xmAirz 0 t-r. wucovn 

r.tf>Jt«0!ll-Cli, iPlifHTTMS 
A<Oft^9td^xr V (Stearylamine) (S 

A) (H3Bt-t©^«jgSr^i-) — 
30 h L^c^iroVNTsfi^-So 01 8JC, ^y?-*I/- 
•>3 l/W&.<DWPr<nfe.&.$:-><7 t Lfc#?fil$OX 

£|[HltFr0^£^-f„ 01 8 J; 9, I©W»i^> $'J£ 

So (019) . Jht'mt-fZ>Zt\±t£<, 

^W&t£T--J\<%i%;X*hZ>Zbtf%frZ> 0 
[0 0 3 9] tt««2Kl-3V^TttKi-S. r?)it 

t^M2T-(4, JtmVoKk LTTMSAWft^Dt-^f 
/Mt7!)/1/7;> (Diraethylstearylaraine) (DM S 

40 a) (B3Cfc*©#^1*i6&jjM-) 

h Lfc*J•^ICOV^Tiif -<S„ 02 0(01, -fy?-AU- 

i»iH]*fia^Sr*i-. znumom^tt, meovx-n^. 

MW^yy h-fSo L^L^jJSfj, (02 
l) > «*»KifiAK:S5tro©. ^»«W4*iittlB«) 

[0 0 4 0] ^(c, Jti5!t?!)3lcov^TiftP^-f 5. rwlt 

50 «M3T'I4, IfeTOICt LTTMSA<73ftt>9»C^^/W 
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^f7!);l/7 5y (Methylstearylamine) (MSA) 
>\6.'&<nnm<n&m%->*y k Lfc#fiB#OX^|p] 

tfrmM^Tik-r, ^om^m^-it, m7 o°cxn&.m^ 

xnu^m^nm^iyy bLtz 0 #m&\at (12 
3) , wtQ^m&tottmthimtobiriir. 

(0041 j teis, ±m<Ditmmi, 2, 3vm^tzs 

A, MS AMDMS AldO^TI4igT-|ine< , 
LTA¥t5ii:*!f#5 t rtnb<D*J3\ H 2 O : E 
tOH=l : 1©»T&*0. 1 NG9)£$!£iag1- 

[0 0 4 2] JW±»J;5l-, r©-HJfe^H(c:j;tttf, 
hunt LXmr${b&mX*h5>KTNWm5hZ>^ 

itHTNMm6%m\\ ^tuc^m^x btt*k LXT 

(TMSA) TN»H25rffML, Z<D (TMSA) T 

Nmm 2 <7?±t&±sb*£ 3 1 mmm 4 1 x^tm 
mttzzk\z£V)MmTn-*^-?zffij&Lx^ 

ip-TSr tlcJ; D TMSA©;Ria?:nJfef)(;e:$ 
t5:K' (TMSA) TNSB^roJfffigggfMfcS 

ti^mn.mmxh^wi^m^x^^tz^, ii^jsgii 
th &ft&ftnm'&'&&xnm&tk <wmm 

-^iciftii, 5%.£1±, if-^tioTIi 1 5%£Lht> 
14 (TMSA) TNMmZlcmmteXfakteZZtfrb 

[0 0 4 3] &>-k<D£ote¥fV£$:fti-2,MmT??-=LX. 

mm%£tix\,^ytmmm% u&&m&~i 

B#Pfl) [Mat. Res. Bull. ,33(1999)1693 , |52lsIaD^ 
K&tf#SHfc*W8fc£»S*f«*p.299(P112) ] , «# 
lEWTO (^&< 1 %) [ #W¥5 - 110 153ffi 
#W6-1 2 5 1 2 0^#] KttU »14Wt 

[0 0 4 4] «±, r©J8M©-HlfiJKfl|to^T^ft: 

[0 0 4 5] ±Jfiro— SI»»IB^*i^T*Jffc 

fcffi, TO, «5S. ff^tt, :7n-fc*Stt*>< fefcWfc 
1"#"T, gBtofcCT, TO, « 
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[0 0 4 6] &#Hfctts Wfctf, ±34w-H»Hlc 

*jv^-c«t, z.<D%w*mm7 ^- turn® itzm 

[0 0 4 7] 

10 [3&gu©8fi£l EJLtgMjL/tJ; ro^lc ±57 
Itfls 2 * 3 £ t <fc 9 MID SEftt fls $ #«Af^ £ 

«»*t'F8t?fc!) x M7^w^^M|-t57^ 
[Hi] r©^ro-»il:i5ii7^fai- 

[12] (tmsa) tn <Dm&&7F-tv&mmxibz> 0 

[03] TMSA, SA, DMSAStmSAC^i 

30 [0 4] zommo-mmmm^xmmT 9^^^- 
9 <Dmmf>& ttm-tz it uxommmx *> 5 . 

[0 5] KTN<0*3tSr^-r»i»Ht?*)'5. 
[0 6] HTNOWigSr^-fl&illH-e&S. 
[0 7] rW^B^O-H^ffi^fcV^T^T^^i^ 
- 9 OlTffilc ffl ^ fc IBfi £ ^1"B&^0 T'fc -5 „ 
[0 8] (TMSA) TN*ttroX*ll]*fH^«)g^F5E 

[09] z(Dmw<D-mmm\c£5>mm7??-3-^- 

[010] ;L©»W©-HlfiJBffifc±5*tt7*?a3: 
-^iC*t-r5fP*Dfl;J±&- 1 8 V~+ 1 8V«®Itf 

ft;S*fci# o (0 0 4) ia*T©ll!J«t*»*:*i-|» 
[0 11] wro38Wro-H16Jgl6lcj:5*8S7^^a3i 

-?H*5lt?> (TMSA) TNUCciftMI^© 

[0 12] z<n%.W<n-nMl&Wtlc£zmWi7?7-x.^ 

50 «&^0TfcS o 
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[01 3] 41/9— 1J U-~>3 VWk<T) (TMSA) T 
[014] 4 >9—% V-'yaVWkn (TMSA) T 

Nil© xt&®ftmBomm<DU&¥fVk£^-rmmm 

[HI 5] T=.-/U'&CD (TMSA) TNjUlfglCDXiSlH] 

[iai6] 7=--m£<d (tmsa) Tummnxm® 

[017] (TMSA) TN»MlT-fe6„ 

[0 18] V->/sVU&<n (S A) TNI 

[0 19] -O-^-* W-->3 >-Mt<£> (SA) TN» 
3, 
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[02 0] 4V9 — 13 U-i/a >B.i£<0 (DMS A) T 
[02 1] -iV9—)3 >itmcO (DMS A) T 

[02 2] <tV9—H U-i/a vW<k<» (MSA) TN 

»itoxiiH*fH»o#ai*oa«<i*tt**-m»H"c 

[02 3] V9 — f) U--> 3 VWk<r> (MSA) TN 
[«F*©lftWl 

1 • ■ • *«ttS r T i O3 2 ■ ■ ■ (TMS 

A) TNll, 3 • • • ±«««, 4 • • • T»«ffi> 
5 • • • KTNM 6 • • • HTI 



imi] 



[112] 



-3 JtSffilE 

2 (TMSA) TN»H 

-1 (QG1>#tattSrTi0,g& 

'4 TSUfB® 



B5] 




KTINbOs c=*1.02nm 




TMSA 

plfslbOs]' 



[0 6] 




HTINbOs c=1.75nm 



•I • 
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[12 3] 



TMSA 



[H4] 



-6 KTNSWS 

. 1 (0D1)4M8ttSrTi0,£t£ 



SA 



B 



B 



-6 HTNSUR 

-1 



DMSA 



-2 (TMSA) 

.1 



MSA 



[17] 



±$W8Si 3 
(TMSA) TNfi^ 2 

(W1>»«ttSrTi0,S« 1 



±- v 




7 (001)Si®« 
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IM 9 J 




29 [degj 



(12) 



#M 2002-2466 





(13) 



#M 2002-246670 




[014] 




4 5 6 
2 6 [degj 



[HI 5] 



100 



94 



88 



TMSA 



•1— A 




83«C^ 

86»C" 

48«C 
43°C 
38 

32 



I 



0 T 2 3^ 5 6 7 8 

2 6 [deg.] 
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16] 



[0 18] 



TMSA 



i i i 



94 



88 




*T(2y 



I 



§ 1 2 3 4 5 6 7~ 8 
2 6 [cleg.] 




— a_ 



A i ■ 



-TVs. 



2 3 4 5 £~ 
2 6 [deg J 



7 8 




(15) 



W2 0 0 2-2 4 6 6 



[019] 



[020] 



m 
m 




-i 1 1 r 



82° 

HT(2g>C) Jk . 



2 3 4 5 6 7 8 
2 8 [deg.] 



DMSA 

MIS 

ni°c 

^-i r-- <* 


i » i i f 1 


I05*C > 




lOO'C / 


I az: 


94°CL 


1 w 










77 B CU - 


1 — £- 


7fC - 




66*CL ^ 








56«C A 










43«C Jl 












32°a J I 


J 




RT(2^C> , J I 




V 1 1 


) 1 2 


3 4 5 6 7 8 



2 9 [deg-] 



[02 1] 



[02 2] 



M 



DMSA 



i I 



83 S G_ 
77°GL_ 
71°CL_ 

55°0_ 
49°GL_ 
43"CL_ 
38 C C_ 
32*CL_ 



RT(2fc°C) 



1-5- 
2 0 [deg.] 



6 7 8 




2 3 4 6 6 7 8 

2 6 [deg.] 
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1123] 

i i I I I i 
MSA 




2 8 [deg.] 



JKMiBi&JllEftJWIieTB 7#35-^ y = 



(72)3B93# M2. 

KMfR D 0 DJIIE^p R pJll6TB 7§35-§- y = 



